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TopicsTopics
BackgroundBackground
TwoTwo--parameter mixture fractionparameter mixture fraction
Validation testingValidation testing

Methane slot burner (Norton, Smyth, Miller, & Methane slot burner (Norton, Smyth, Miller, & 
SmookeSmooke))
BeylerBeyler’’ss hood experimentshood experiments
Reduced Scale Enclosure experimentsReduced Scale Enclosure experiments

•• Original series (Original series (BrynerBryner, , JohnssonJohnsson, & Pitts), & Pitts)
•• New series (New series (JohnssonJohnsson, Bundy, , Bundy, HaminsHamins, & , & LenhertLenhert))
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BackgroundBackground

FDS v2 FDS v2 –– v4 use a single parameter mixture fraction v4 use a single parameter mixture fraction 
where the user specifies a single chemical reaction:where the user specifies a single chemical reaction:

Good for scenarios with well ventilated firesGood for scenarios with well ventilated fires
For steady state under ventilated fires this approach For steady state under ventilated fires this approach 
typically results in excessive temperatures unless the typically results in excessive temperatures unless the 
user provides a reaction input representation of the user provides a reaction input representation of the 
degree of under ventilation.  However:degree of under ventilation.  However:

The early well ventilated portion of the fire is no longer The early well ventilated portion of the fire is no longer 
represented well.represented well.
Uncertainties in how to appropriately specify the reaction for Uncertainties in how to appropriately specify the reaction for 
scenarios with complex ventilation (e.g. more complex than a scenarios with complex ventilation (e.g. more complex than a 
hood or a box with a single door).hood or a box with a single door).
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Background (2)Background (2)

Interested in a method to predict CO Interested in a method to predict CO 
formationformation

Minimize use of user defined Minimize use of user defined ““tuning tuning 
knobsknobs””
Minimize computational expenseMinimize computational expense
Maximize potential to add future Maximize potential to add future 
capabilities with minimum restructuringcapabilities with minimum restructuring
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ApproachApproach

Examine potential to use 2Examine potential to use 2--reaction reaction 
chemistry:chemistry:
Fuel + OFuel + O22

→→ CO + HCO + H22OO
CO + CO + ½½ OO22

→→ COCO22

Stay within a mixture fraction framework Stay within a mixture fraction framework 
to reduce the number of transport to reduce the number of transport 
equationsequations
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TwoTwo--parameter Mixture Fractionparameter Mixture Fraction
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TwoTwo--parameter Mixture Fractionparameter Mixture Fraction
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TwoTwo--parameter Mixture Fractionparameter Mixture Fraction

Source terms for ZSource terms for Z11 and Zand Z22 cancel, cancel, 
guarantees mass conservationguarantees mass conservation
No inherent assumption on the kinetics of No inherent assumption on the kinetics of 
the source term, however:the source term, however:

Typical grid resolution wonTypical grid resolution won’’t have flame t have flame 
temperaturestemperatures
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State RelationsState Relations
CH4 to CO CH4 to CO2

Desire computationally efficient manner to Desire computationally efficient manner to 
combine the two sets of state relations as combine the two sets of state relations as 
function of Zfunction of Z11 and Zand Z22.  Note: Z.  Note: Z2,F2,F < Z< Z1,F1,F
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State RelationsState Relations

Define Define cc as the ratio of Zas the ratio of Z22 from the simulation to from the simulation to 
ZZ22 computed using the maximum possible Zcomputed using the maximum possible Z22 for for 
ZZ11+Z+Z22 from the simulation.  0 from the simulation.  0 ≤≤ c c ≤≤ 1.1.

We can then generate state relations as:We can then generate state relations as:

accounts for nonaccounts for non--linearitieslinearities between between 
ZZ1,F1,F and Zand Z2,F2,F
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State Relations c=0.5State Relations c=0.5
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Reaction KineticsReaction Kinetics
Reaction 1: Fuel + OReaction 1: Fuel + O22→→ CO + HCO + H22OO

Infinitely fastInfinitely fast
Reaction 2: CO + OReaction 2: CO + O22→→ COCO22

Infinitely fastInfinitely fast
Base on nearby OBase on nearby O22 levelslevels

Levels low: Rate = f(T)

Levels high: Infinitely fast
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(Smyth et al.)(Smyth et al.)

2D laminar, methane2D laminar, methane--
air, diffusion flameair, diffusion flame
Measured temperature Measured temperature 
and many major and and many major and 
minor species at minor species at 
elevations near the elevations near the 
burner surfaceburner surface
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Slot Burner Slot Burner –– FDS v5FDS v5αα
CO CO2

T (°C) Q   
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DataData
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ResultsResults
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BeylerBeyler HoodHood

Adjustable height burner Adjustable height burner 
located beneath a hoodlocated beneath a hood
Varied distance from hood Varied distance from hood 
lip to burner surface, burner lip to burner surface, burner 
diameter, fuel, and fire sizediameter, fuel, and fire size
Hood exhaust rate manually Hood exhaust rate manually 
controlled to prevent spill controlled to prevent spill 
from the hood lipfrom the hood lip
Measured gas Measured gas 
concentrations in the concentrations in the 
exhaust ductexhaust duct
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Simulations PerformedSimulations Performed

19 cm burner, propane19 cm burner, propane
5 cm above hood lip5 cm above hood lip

•• 7.92 kW, 13.53 kW, 18.25 kW, 24.30 kW7.92 kW, 13.53 kW, 18.25 kW, 24.30 kW

0 cm above hood lip0 cm above hood lip
•• 8.21 kW, 18.25 kW, 31.52 kW8.21 kW, 18.25 kW, 31.52 kW

10 cm below hood lip10 cm below hood lip
•• 8.21 kW, 18.25 kW, 24.30 kW8.21 kW, 18.25 kW, 24.30 kW

Two step, finite rate with CO based on local OTwo step, finite rate with CO based on local O22
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Results Results –– 18.25 kW18.25 kW

+5 cm -10 cm

Q (kW/m3)

CO (vol %)
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ResultsResults

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070

Measured UHC

FD
S

v5
a 

C
3H

8

+5 cm
-10 cm
+0 cm

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0.140

0.160

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160

Measured O2

FD
S

v5
a 

O
2

+5 cm
-10 cm
+0 cm

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
Measured CO

FD
Sv

5a
 C

O

+5 cm
-10 cm
+0 cm

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Measured CO2

FD
S

v5
a 

C
O

2

+5 cm
-10 cm
+0 cm



21

(U)(U)

RSE Experiments (RSE Experiments (BrynerBryner, et al.), et al.)

40 % of an ISO40 % of an ISO--9705 9705 
roomroom
Elevated methane Elevated methane 
burnerburner
Gas concentration Gas concentration 
measurements in measurements in 
upper layer at front upper layer at front 
and back of and back of 
compartmentcompartment
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Simulations PerformedSimulations Performed

FDSv4 FDSv4 –– CO CO prescribedprescribed
well ventilated species yieldswell ventilated species yields
under ventilated species yieldsunder ventilated species yields

FDSv5FDSv5α α −− COCO computedcomputed
two parametertwo parameter
finite ratefinite rate
•• CO = always fastCO = always fast
•• CO = f(OCO = f(O22, T), T)
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50 kW 50 kW –– Finite Rate f(OFinite Rate f(O22,T),T)

CO CO2

T (°C)Q
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400 kW 400 kW –– Finite Rate f(OFinite Rate f(O22,T),T)
CO CO2

T (°C)Q
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COCO22: FDS v4 + v5 vs. Data (: FDS v4 + v5 vs. Data (BrynerBryner et al.)et al.)

FDSv4 WV

FDSv5 Z1,Z2

FDSv5 Fast

FDSv5 Local O2

FDSv4 UV
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CO: FDS v4 + v5 vs. Data (CO: FDS v4 + v5 vs. Data (BrynerBryner et al.)et al.)

Numerical issueNumerical issue

FDSv4 WV

FDSv5 Z1,Z2

FDSv5 Fast

FDSv5 Local O2

FDSv4 UV
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New RSE Tests (New RSE Tests (JohnssonJohnsson, et al.) , et al.) 
Currently conducting testing Currently conducting testing 
using RSEusing RSE
Primary goal to reduce dataset Primary goal to reduce dataset 
uncertainties for use as FDS uncertainties for use as FDS 
validationvalidation
PreliminaryPreliminary datasetdataset

Shakedown testShakedown test
Operated burner at fixed fire size for Operated burner at fixed fire size for 
~15 minutes and then changed fire ~15 minutes and then changed fire 
size.  Single test includes 75, 115, size.  Single test includes 75, 115, 
180, 270, and 400 kW fires180, 270, and 400 kW fires

Plotted Plotted quasiquasi--steady blindsteady blind FDS FDS 
predictions along with predictions along with transienttransient
test data in Ztest data in Z--spacespace
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(U)(U)New RSE Tests New RSE Tests –– Front Sample Front Sample 
LocationLocation
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Still to DoStill to Do

Radiation solver details for twoRadiation solver details for two--parameter parameter 
mixture fractionmixture fraction
Approach for determining           termApproach for determining           term
Numerical behavior of twoNumerical behavior of two--parameter parameter 
approach (overshoots/undershoots in mass approach (overshoots/undershoots in mass 
fractions)fractions)
V&VV&V
Computational efficiencyComputational efficiency
User friendlinessUser friendliness

2,COm ′′′&
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